Congenital glaucoma is a potentially blinding ocular disease of the childhood which is more often observed in the developing world due to higher frequencies of consanguinity.\[[@ref1][@ref2]\] By definition, congenital glaucoma is a developmental disorder of the childhood that is associated with elevated intraocular pressure, globe enlargement (buphthalmos), corneal edema, Haab striae, optic nerve cupping, and atrophy.\[[@ref3]\]

Various classification methods of congenital glaucomas have been proposed with respect to ocular and systemic associations or the primary ocular anatomic site involved in the disease.\[[@ref1]\] In the former classification method, congenital glaucoma is classified into primary or secondary congenital glaucoma. Primary congenital glaucoma, also known as isolated trabeculodysgenesis, is typically an isolated idiopathic developmental abnormality of the trabecular meshwork in the absence of other ocular and systemic conditions. In secondary congenital glaucoma, a contributory ocular or systemic pathology is present as a cause. Primary congenital glaucoma has previously been reported as the most common type,\[[@ref4][@ref5][@ref6]\] however, studies which demonstrate the frequency of specific entities is limited.

Congenital glaucoma is also one of the very few conditions that requires strict follow-up with the need for more than one specialist monitoring the patient throughout his/her life. Identification of the possible associated risk factors, thus, may be helpful for prevention or early detection of this public health problem. The purpose of this study is to demonstrate the distribution of primary and secondary congenital glaucoma and to identify possible associated risk factors.

Materials and Methods {#sec1-1}
=====================

The registry of Tamcelik Glaucoma Center was browsed for patients diagnosed as congenital glaucoma through the dates of 2000 and 2013. The charts of the patients were retrospectively reviewed. Demographic and clinical information of the subjects were obtained. Congenital glaucoma was defined as the presence of optic neuropathy caused by elevated intraocular pressure (\>20 mmHg) with associated clinical signs of disc cupping (\>0.3), disc asymmetry (\>0.2), enlarged corneal diameter (\>11 mm in the newborn, \>12 mm in a child of any age), corneal edema, Haab striae, and progressive myopia. All of the patients in this study underwent examination under general anesthesia in preoperative evaluation and in the follow-up period after surgical intervention at necessary intervals. The examination under general anesthesia included intraocular pressure measurement, biomicroscopic examination, gonioscopic examination, fundoscopic examination, central corneal thickness measurement, and corneal diameter measurement. Patients were classified as primary or secondary congenital glaucoma according to their findings in examination under general anesthesia (in preoperative evaluation, confirmed later in the follow-up) and systemic work-up done by the pediatrics consultant. Primary congenital glaucoma was defined as a glaucoma that presents from birth to 3 years of age caused by the maldevelopment of the trabecular meshwork in the absence of any other ocular or systemic pathology. Meanwhile, secondary congenital glaucoma was defined as glaucoma with associated systemic and/or ocular pathologies. Children with acquired glaucomas including aphakic glaucoma, uveitic glaucoma, and traumatic glaucoma were excluded.

Iridotrabeculodysgenesis was defined as the coexistence of trabecular meshwork and iris abnormalities, which included iris hypoplasia/hyperplasia, anomalous iris vessels, iris atrophy, iris coloboma, and iris holes. Patients with aniridia were incorporated into the iridotrabeculodysgenesis/aniridia group. Phakomatoses group included patients with Sturge-Weber and Klippel-Trenaunay syndrome. Patients with severe and multiple anterior segment abnormalities which are clinically difficult to distinguish from some of the known anterior segment dysgenesis syndromes, such as Peters anomaly, were grouped as "anterior segment dysgenesis".

The demographic and clinical data obtained from the records included age at first presentation, symptoms at first presentation, laterality of the disease, sex, presence of consanguinity, family history of congenital glaucoma, maturity of the fetus at delivery, and maternal age at conception. Consanguinity was defined as history of marriage with a first or second degree cousin. Patients were referred as preterm delivery if child birth occurred before 37 completed weeks of pregnancy. Patients with retinopathy of prematurity (ROP) were separately analyzed as a subgroup of secondary congenital glaucoma.

All data were recorded in a Microsoft Excel datasheet and transferred to Statistical PAckage for Social Sciences (SPSS) version 19.0 by IBM (SPSS Inc, Chicago, Illinois, USA) for statistical analysis. Student\'s *t*-test and ANOVA was used to compare the means of continuous variables of the groups. χ^2^ test was used to test differences in proportions of categorical variables (Fisher exact test or Pearson Chi-square when indicated). *P* \< 0.05 were considered statistically significant. Institutional review board approval was obtained for this study.

Results {#sec1-2}
=======

The data of 600 eyes of 311 patients were extracted from the registry. The distribution of primary and secondary congenital glaucoma among the patients were 63.3% (*n* = 197) and 36.7% (*n* = 114), respectively. [Table 1](#T1){ref-type="table"} shows the frequencies of primary congenital glaucoma, secondary congenital glaucoma, and its subgroups. The first three most common pathologies in the secondary congenital glaucoma group were iridotrabeculodysgenesis, Axenfeld-Rieger syndrome, and phakomatoses. Phakomatoses group consisted of 10 patients with Sturge-Weber syndrome and two patients with Klippel-Trenaunay syndrome.

###### 

Distribution of primary congenital glaucoma, secondary congenital glaucoma, and its subgroups
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[Table 2](#T2){ref-type="table"} shows the distribution of sex and laterality among the groups. Of the 311 patients, 57.2% (*n* = 178) were male and 42.8% (*n* = 133) were female. In primary congenital glaucoma, 58.9% (*n* = 116) of the patients were male and 41.1% (*n* = 81) of the patients were female. Compared to primary congenital glaucoma, the proportion of female subjects were slightly higher in secondary congenital glaucoma (45.6%, *n* = 52), but this difference was not statistically significant (*P* = 0.476).

###### 

Distribution of sex and laterality

![](IJO-62-565-g002)

The overall frequency of bilateral disease was 92.3% (*n* = 287). Bilateral disease was more common in primary congenital glaucoma (94.4%, *n* = 186) than in secondary congenital glaucoma (88.6%, *n* = 101); however, this difference was not statistically significant (*P* = 0.078). The frequency of unilateral disease was significantly higher in phakomatoses (50%, 6/12) and Peters anomaly (71.4%, 5/7) compared to other pathologies in secondary congenital glaucoma group (*P* = 0.001).

Of the 311 patients, 45.3% (*n* = 141) had a history of consanguinity. Parents of primary congenital glaucoma patients reported higher rates of consanguinity (53.2%, *n* = 105) than parents of secondary congenital glaucoma patients (32.4%, *n* = 37), and this difference was found to be statistically significant (*P* = 0.005). There was no significant difference between the subgroups of secondary congenital glaucoma in terms of consanguinity (*P* = 0.321).

[Table 3](#T3){ref-type="table"} shows the demographic features of patients with primary and secondary congenital glaucoma. Positive family history was noted in 21.2% (*n* = 66) of all patients. Although the proportion of positive family history in primary congenital glaucoma (23.8%, *n* = 47) was higher than in secondary congenital glaucoma (16.6%, *n* = 19), this difference was not statistically significant (*P* = 0.283). Contrary to these findings, positive family history was significantly higher in patients with iridotrabeculodysgenesis-aniridia (54.4%, *n* = 6), Axenfeld-Rieger syndrome (47.8%, *n* = 11) and Walker-Warburg syndrome (100%, *n* = 2) in the secondary congenital glaucoma group (*P* = 0.004). Furthermore, family history was negative in all of the patients with phakomatoses.

###### 

Demographic information of primary and secondary congenital glaucoma patients
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The majority of the patients (94.2%, *n* = 293) were term at delivery. 95.9% of patients in primary congenital glaucoma (*n* = 189) as opposed to 91.2% of patients in secondary congenital glaucoma (*n* = 104) were term at delivery, but this difference was not statistically significant. There was no statistically significant difference in the distribution of term/preterm deliveries among the secondary congenital glaucoma subgroups, when ROP-associated cases were excluded from statistical analysis.

[Table 4](#T4){ref-type="table"} presents the mean age of the patients at first presentation and mean maternal age at conception. The mean age at first presentation of all patients was 110.22 ± 160.35 days (range: day of delivery to 3 years). Although secondary congenital glaucoma patients (96.92 ± 179.63 days) presented slightly earlier than primary congenital glaucoma patients (119.47 ± 145.55 days), this difference was not statistically significant (*P* = 0.335). The mean maternal age at conception was 27.13 ± 5.61 years in all patients. The mean maternal age at conception of primary and secondary congenital glaucoma patients were 27.36 ± 5.76 and 26.81 ± 5.42 years, respectively. (*P* = 0.533). There was no statistically significant difference in the mean age at first presentation and mean maternal age at conception in subgroups of secondary congenital glaucoma; however, statistical power was low due to small sample size of some subgroups. [Table 5](#T5){ref-type="table"} shows the frequency of symptoms at first presentation.

###### 

Mean age at first presentation and mean maternal age at conception among the groups
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###### 

Frequencies of symptoms at first presentation
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Discussion {#sec1-3}
==========

Congenital glaucoma is a rare yet a preventable cause of blindness which is more frequent in populations where consanguinity is common. Its incidence ranges from one in 1,250 in Slovakian Roms (Gypsies), and one in 2,500 in Saudi Arabia to one in 10,000-12,500 in the western world.\[[@ref6][@ref7]\] It is also more common in certain regions of Turkey, but epidemiologic data regarding its incidence is lacking. This study demonstrates the demographic features of congenital glaucoma patients, in a referral center, in Istanbul, Turkey. The sex distribution of the subjects in this study (57.2% male, 42.8% female) was consistent with the previous literature which suggests a 3:2 male to female ratio.\[[@ref4][@ref6][@ref7]\] The only conflicting study regarding sex distribution was from Japan, which reported a predominance of female subjects over male subjects in patients with primary infantile glaucoma.\[[@ref7]\]

Many classification methods have been employed for congenital glaucoma, some of which are more useful for prognostic implications. In this study, isolated abnormality of the trabecular meshwork in the absence of any other ocular and/or systemic association was defined as primary congenital glaucoma and patients who have associated conditions were grouped into secondary congenital glaucoma. The reason to use this classification method was to reveal any differences of demographic and clinical features between these two groups of disease which possibly have different underlying mechanisms and genetic backgrounds. Primary congenital glaucoma accounted for the majority (63.3%) of all congenital glaucoma patients in this study, which is a consistent finding with previous literature.\[[@ref5][@ref8]\] Different frequencies were reported as causes of secondary congenital glaucoma in several studies. The BIG eye study reported lens-related congenital glaucomas, phakomatoses, uveitic glaucomas, and anterior segment dysgenesis as the more frequent causes of secondary pediatric glaucomas.\[[@ref4]\] Another study reported Peters anomaly, anterior segment dysgenesis, and aniridia/Rieger syndrome as the more common causes of secondary congenital glaucoma.\[[@ref8]\] An epidemiologic study of 306 patients revealed aphakic glaucoma, Sturge-Weber syndrome, anterior segment dysgenesis, trauma, and aniridia as the major causes of secondary glaucoma.\[[@ref5]\] Anterior segment dysgenesis group, in the mentioned study, also included patients with Axenfeld-Rieger syndrome and Peters anomaly along with unclassified developmental disorders of the anterior segment. By having excluded acquired glaucomas; iridotrabeculodysgenesis, Axenfeld-Rieger syndrome, and phakomatoses were the more frequent causes of secondary congenital glaucoma according to this study. These results may more accurately resemble the actual distribution in this group of disease, as the total sample size in this study is larger than previously reported.

A striking feature of this study was the distribution of laterality. Virtually, all previously published studies report bilateral disease between 70 and 80% in congenital glaucoma patients.\[[@ref1][@ref4][@ref5][@ref9]\] Congenital glaucoma in this study is, however, observed in 92.3% of the patients. The frequency of unilateral disease in secondary congenital glaucoma was higher than in primary congenital glaucoma, probably owing to the more frequent observation of unilaterality in phakomatoses, and Peters anomaly.

As aforementioned, Peters anomaly and phakomatoses patients showed higher rates of unilateral disease and this difference was statistically significant compared to other causes of secondary congenital glaucoma. A recently published review of literature reported unilateral disease in 36.8% of 58 cases with Peters anomaly.\[[@ref10]\] The rate of unilateral disease, however, was observed in 71.4% of seven patients in this study, but this difference may be attributed to the relatively smaller sample size. Comparably, half of the phakomatoses patients had unilateral disease in this study and this is consistent with published literature which also demonstrate a relatively more even distribution of laterality.\[[@ref5][@ref11]\]

Strong efforts have been spent in identifying gene mutations which might be associated with congenital glaucoma. Examples to these gene mutations include the recessively inherited CYP1B1, LTBP2 mutations, and the dominantly inherited heterozygous MYOC mutation.\[[@ref12][@ref13][@ref14][@ref15]\] It is suggested that siblings of children with these mutations should be tested and provided with genetic counseling even if they are clinically unaffected by the disease.\[[@ref16]\] Most of these genes are inherited in an autosomal recessive pattern with variable penetrance which explains the familial pattern in 10-40% of the cases.\[[@ref17]\] Consanguinity is responsible for clustering of these certain gene profiles that are found to be linked with primary congenital glaucoma.\[[@ref18][@ref19]\] In this study, consanguinity was present in 45.3% of all patients. The rate of consanguinity was significantly lower in secondary congenital glaucoma group, probably due to the sporadic nature of some of the diseases in this group. In addition, positive family history was also more frequent in primary congenital glaucoma (23.8%) than in secondary congenital glaucoma (16.6%); however, this difference was not statistically significant. What needs to be mentioned regarding positive family history in this study, is the presence of significantly higher rates in iridotrabeculodysgenesis-aniridia, Axenfeld-Rieger syndrome, Walker-Warburg syndrome, and the total absence in phakomatoses.

Aniridia is an uncommon bilateral ocular disease which affects not only the iris but also the cornea, anterior chamber angle, lens, retina, and the optic nerve. Most of the cases are inherited by autosomal dominant transmission with high penetrance and variable expression. About two-thirds of the cases have an affected parent, but sporadic cases have also been reported.\[[@ref20]\] In this study, 54.4% of patients with iridotrabeculodysgenesis-aniridia had a positive family history.

Axenfeld-Rieger syndrome is a spectrum of disease associated with several ocular and/or systemic findings which is inherited in an autosomal dominant pattern.\[[@ref21][@ref22]\] Very few studies exist in literature which describe the rate of positive family history. A study with a relatively large number of patients from Germany reported positive family history in 46.2% of 26 Axenfeld-Rieger patients who also showed signs of glaucoma or elevated intraocular pressure.\[[@ref9]\] This finding is consistent with the positive family history rate of 47.1% of 23 patients in this study. Meanwhile, Walker-Warburg syndrome is a very rare autosomal recessive congenital muscular dystrophy, associated with cerebellar and ocular abnormalities. Ocular abnormalities include anterior segment anomalies (cataracts, shallow anterior chamber, microcornea and microphthalmia, and lens defects) and a spectrum of posterior segment anomalies (retinal detachment or dysplasia, hypoplasia or atrophy of the optic nerve and macula, and coloboma). Glaucoma or buphthalmos may also be present.\[[@ref23]\] Positive family history is also a hallmark of this genetic disease.\[[@ref24]\]

Conversely, Sturge-Weber and Klippel-Trenaunay syndromes are neurocutaneous disorders in the phakomatoses group of diseases which are typically sporadic.\[[@ref25][@ref26]\] Consistent with this knowledge, family history was not reported in any patient with phakomatoses in this study.

The mean age at first presentation for all patients in this study was 110.22 ± 160.35 days. Overall, 34.4% of the patients presented to the referring ophthalmologist or congenital glaucoma specialist within the 1^st^ week, 45.1% within the 1^st^ month, and 96.4% within the 1^st^ year of life. Although secondary glaucoma patients presented slightly earlier than primary congenital glaucoma patients, this difference was not statistically significant. Patients with Peters anomaly, iridotrabeculodysgenesis-aniridia, and anterior segment dysgenesis presented earlier than those patients with iridotrabeculodysgenesis, Axenfeld-Rieger syndrome, and phakomatoses in the secondary congenital glaucoma group; however, statistical analysis could not be performed due to small sample sizes in more than one subgroups of secondary congenital glaucoma. These results are comparable to previously reported studies.\[[@ref4][@ref5][@ref8]\]

Mean maternal age was 27.13 ± 5.61 years in all patients and it did not differ significantly between primary and secondary congenital glaucoma patients. Overall rate of preterm delivery was 5.8%, a higher rate was observed in the secondary congenital glaucoma group (8.8%) due to the presence of subjects with associated ROP. The difference between primary and secondary congenital glaucoma; however, was not statistically significant when ROP subjects were excluded. A population-based, case-control study of isolated primary congenital glaucoma reported a preterm birth rate of 28.9% in 52 subjects and this result was significantly higher than the matched controls and population controls. However, this difference was explained by the Gypsy demographics of several mothers included in the study. The authors have reported that certain anthropological characteristics of these mothers, which include low body weight and small stature, together with their low socioeconomic status may result in a higher rate of low birth weight and associated prematurity.\[[@ref27]\]

Finally, as expected, cloudy cornea and buphthalmos were the most frequent signs that had alerted the parents to seek for a specialist according to this study. Pediatrician concern should not be overlooked as pediatricians should be able to recognize this disease and refer promptly to a specialist, as early intervention is usually curative. It is also important to note that more thorough investigations regarding identification of gene mutations associated with congenital glaucoma are needed. These investigations will improve our knowledge about the genetics of congenital glaucoma and will provide us newer developments in genetic counseling and antenatal detection of this preventable disease.
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